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Deciphering Human Microbiome 


Abstract 





‘his article reviews the Human Microbiome Project which was 
Jaunched to decipher the identity and interactions of the microbes 
that inhabit our body. A generalized idea has been given about 
human microbiome and the navel techniques used to identify these 
microbes and their interactions with us, The results that were 
obtained have also been discussed, which may open up a new vista 
in the field of research and medicine. 


1. Introduction 


Antonie Philips van Leeuwenhoek (1632-1723) is 
considered the first microbiologist who observed single 
celled organisms through his handcrafted microscope. 
He called them 'animalcules'’. Subsequent works by 
helped us to understand these tiny organis 
and their role in nature. Microbes play a vital role in our 
daily lives. While on one hand they are responsible for 
many dreaded diseases like dengue, tuberculosis, 
malaria, AIDS on the other hand they are 
constantly working to keep us healthy. 














A healthy human body is home to trillions of microbes. 
The association of microbes with humans is known as 
human microbiome. This concept was first suggested 
by Joshua Lederberg, who coined the term 
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‘microbiome’, to signify the ecological community of 
commensals - the symbiotic and pathogenic 
microorganisms that literally share our body space’. 
Surprisingly 'majority' of these microbes are not 
associated with any known harmful effect but their 
presence is found to be vital for maintaining the normal 
health of humans”. As such, a search has been initiated 
to solve this great enigma, 





In 2007, a revolutionary project called Human 
Microbiome Project (HMP) was launched’. The aim of 
the project was to decipher and characterize human 
microbiome and its probable association with the 
incidence of disease. It was an interdisciplinary effort 
which was launched worldwide involving 200 scientists 
and 80 institutions from USA, Europe and As 5 





a”. 





Before we explore the intricacies of the project, it will 
be pertinent to discuss about microbes in general. 


2. Microbes 


Microbes area group of tiny organisms (around 200000 
nanometre in size) that cannot be seen with naked eyes. 
Their fossils date back to more than 3.4 billion years, 
when life was beginning to originate on Earth, They are 
found almost everywhere on Earth - air, soil, rock, 
water, ice, hot streams, plants, animals and even on 
humans. They play a vital role in maintaining the 
ecological balance of Earth. 











Microbes representa diverse group of organisms which 
are broadly categorized as follows- 


a, Prokaryotes — These organisms do not have 
membrane bound nucleus ie. the genetic material, 
DNA, is not enclosed inside the nucleus. Their DNA is 
single, circular with around 3 to 6 million base pairs. On 
an average, around 500-10,000 genes are found in their 
DNA. They are the most diverse and abundant group 
of organisms known on Earth. 

Within this group are found the Archae 
(Archaebacteria) and the Bacteria. 
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Archaebactetia ate primarily extremophiles, meaning 
these are found in extreme conditions like high 
temperatures (more than 1000 "C), high alkalinity or 
acidity and extreme salinity while bacteria are found 
almost everywhere. 


b. Eukaryotes - These organisms have well defined 
nucleus as well as membrane bound organelles. This 
group contains both unicellular and multicellular 
organism: 
seen with naked eye in their adult form. Human beings 





. Most of the members of this group can be 


belong to this group. 





Interestingly there are some eukaryotes that can be seen 


only with the help of microscopes and hence called 
microbes. It includes diverse unicellular microscopic 
eukaryotic organisms, the protists and groups of very 
small animals like arthropods, crustaceans, nematodes, 
rotifers and unicellular fungus. 


c. Virus — They are a group of organisms who are ‘at 
the edge of life’. ‘They are non-living outside the body 


of the host but start replicating the moment it invades a 
host. They are submicroscopic, with size ranging from 5 
to 300 nanometers with some exceptions. Their genetic 
material is either DNA or RNA. The uniqueness of this 
group has prompted many scientists not to consider 
them as a living organism, which makes their inclusion 
within the microbes debatable. 


When the biodiversity of all the recorded organisms 
found on Earth is taken into account, it is found that 
microbial diversity far outnumbers the relative diversity 
of any other group of organisms. 


3. Human Microbiome 
Human microbiome is an association of estimated 10" 


micro organisms that live inside and on humans. Itis the 
and their 





entire aggregation of microbes, their genome 
interactions with us’. As per Human Genome Project, 
the approximate number of genes present in human 
genome is around 20000, but the number goes up to 
more than 100000 if the total genetic diversity of the 
microbes that constitute the human mictobiome is 
taken into account. These microbes live primarily as 
commensals forming a special kind of symbiotic 
relationship where one species is benefitted whereas 
the other may remain unaffected. 


Recent studies have shown that the biggest reservoir of 
microbes is our gut that harbour around 7000 strains of 
microbes. These microbes influence our nutrition 
uptake which in turn controls our overall health and 
metabolism". Mictobes help to synthesize Vitamin K 
and Biotin within the gut. In addition, they have a 
positive influence on our immune system. But very little 
is known about the identity of the microbes 
constituting the microbiome and the factors that may 
be responsible for creating an imbalance in the 
microbial community at different body sites’. 


I 
genetic level it is not certain whether all humans, 





en though all humans have 99.5'% similarity at the 


irrespective of race, colour or ethnicity have an almost 
identical there is a 
microbiome, one wonders how this constancy has been 
maintained and transmitted through generations. We 
do not know whether difference in microbiome among 
individuals have an important role in predisposition to 


‘core’ microbiome. If core 
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Phylogenetic tree showing the diversity of bacteria compared to other organisms. 


different diseases. It will be interesting to know 
whether transplanting microbiome from a healthy 
. Does 





individual to a diseased one can cure a diseas 
our microbiome characteristic change with the changes 
in our lifestyle ? It is also not known whether antibiotics 
playa decisive role in influencing the basic composition 
and stability of the core microbiome. These are some 
of the important questions that need to be answered. 










4. Human Microbiome Project (HMP) 


Human Microbiome Project was launched in 2007'' 
with the ultimate objective to determine whether the 
health of humans can be improved by tinkering with 
the microbiome. It was a five year project with a total 
budget of over $150 million. 


The goals of the HMP ‘are: 

(1) To study the human microbiome in detail by 
collecting samples from multiple body sites from 
‘normal’ volunteers and analyzing the same using newly 
developed high-throughput technologies 

(2) To determine any correlation between incidence of 
di the microbiome among 
individuals taking cue from different medical 
conditions 

(3) To generate a standardized data resource and new 
technological approaches that would help the scientific 
community to undertake such studies on a broader scale 
Due care has been taken to consider the ethical, legal 
and social implications of such studies. 





ase and variation in 





One of the major aims of HMP was to decipher the 





A Jonmnal of Science Communication 








sequences of around 900 bacterial genomes that could 
be used as a reference. 


This was accomplished by collecting samples from five 
different body sites of the volunteers, identifying the 
microbes using 16S rRNA gene sequencing and 
comparing it with the available database of the known 
species. This was followed by metagenomic shotgun 
sequencing on the same samples to identify the genes 
present in the population and their probable functions. 
The results so obtained have helped ascertain whether 
core microbiome exists at different body sites’. 


Genome sequencing work for the above project is being 
done at the following HMP-funded large-scale 
sequencing centers: the Baylor College of Medicine 
Human Genome Sequencing Center, Houston; The 
Genome Institute at Washington University School of 
Medicine, St. Louis; The J. Craig Venter Institute, 
Rockville, Md.; and the Broad Sequencing Platform, 
Broad Institute of Massachusetts Institute of 
Technology and Harvard’. 


4.1 The First Step 


‘To start with, 242 healthy volunteers (129 male, 113 
female), aged between 18-40 years were chosen, The 
volunteers were so selected that they represent a 
reasonably diverse group of race, ethnicity and other 
factors, Samples were collected from 18 body sites in 
women and 15 body sites from men, upto three times”. 
The habitats were distributed among five major body 
areas - nasal, oral, skin, gastro-intestinal tract and 
urogenital tract. The specific sites within these broad 
areas areas follows, 

a) From the oral cavity and oropharynx: saliva, buccal 
mucosa (cheek), keratinized gingiva (gums), palate, 
tonsils, throat and tongue soft tissues, and supra- and 
subgingival dental plaque (tooth biofilm above and 
below the gum), nine specimens were collected. 

b) Four skin specimens were collected from the two 
retro auricular creases (behind each ear) and the two 
antecubital fossae (inner elbows). 

c) One specimen from the anterior nates (nostrils). 

d) To study the microbiota of the lower gastrointestinal 
tract volunteers collected stool specimen of their own. 
) In case of females, three vaginal specimens were 
collected from the vaginal introitus, midpoint and 
posterior fornix’. 





Source : NIV Medical Arts and Printing 


Approximately 5000 samples were collected from the 
volunteers. The microbial genome was purified and 
isolated from the human genome with the help of 16S 
tRNA sequences which is unique to bacteria. In 
addition 3.5 Terabase (an amount of genetic sequence 
data equivalent to 10° base pairs) of nucleotide 
sequence was also obtained from microbes, which have 
been used for metagenomic sequencing’. 


4.2 Unearthing Microbial Diversity in Microbiome 


Studies have shown that microbes live in communities. 
They interact and communicate among themselves in 
complex manners by exchanging nutrients, biochemical 
products and chemical signals without direct cell to cell 
contact, utilizing the medium in which it is growing, 
These associations have evolved over the ages. The 
microbial diversity at a site influences the presence of 
other microbes at that site’, As such, deciphering the 
identity of all the microbes present at a site may help us 
understand the microbial interactions and explain the 
presence of certain microorganism at that site. 
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Tt has been found that a majority of microbes found on 
different sites of our body are uncultivable under 
laboratory conditions’. These posed a real challenge as 
traditional microbiology is based on studying a 
microbe by isolating a single bacterium from the site 
and growing itin a culture medium like nutrient agar in 
the laboratory. Thereafter the cultured bacterial 
genome is sequenced and the identity of the same is 
established. 


To overcome this challenge, novel methods have been 
devised that helped identify such microbes and 
sequence their DNA, bypassing the need to grow it in 
the laboratory. 


The major tools that were employed to study the 
microbial diversity were 16S rRNA sequencing and 
Metagenomics'. 


E. coli 


HH. influenzae 


a, 16S rRNA Gene Sequencing 


The 16S rRNA gene is 1542 nucleotide long and is 
highly conserved. It acts as a signature molecule for the 
bacterial identification, Apart from helping to 
differentiate the bacterial genome from the human 
genome, it also helps in differentiating one group of 
bacteria from another from the evolutionary point of 
view. 


The nucleotide sequence of the 16S rRNA gene 
consists of highly conserved regions which is common 
among all the bacteria. In addition there are nine 
variable regions or nucleotide sequence (V1-V9). The 
variable regions help to identify and categorize the 
bacteria into different taxons’, 


aE 
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To study the 16S rRNA gene, the bacterial DNA 
corresponding to 168 gene is isolated and separated 
into single strands. Thereafter it is amplified by PCR 
and then sequenced using the principle of 
pytosequencing, Pyrosequencing is a Next Generation 
Sequencing technology (NGS) where the sequence of 
an unknown DNA strand is determined by synthesizing 
acomplementary DNA strands enzymatically, one base 
ata time. Incorporation of bases one after another, on 
to the single stranded complementary DNA results in 
the generation of visible light that is captured by a 
camera. The intensity of light so emitted is plotted ina 
pytogram and the sequence is determined. 


In HMP, the 16S rRNA gene region consisting of 
number three (V3) to five (V5) variable regions (V35) 
was chosen for analyzing 4,879 samples. Samples were 
amplified and sequenced using Roche-454 FLX 
Titanium platform. Sequence of V1 to V3 (V13) 
window was also included fora subset of 2,971 samples 
to provide a complementary view of taxonomic 
profiles. 


Nucleotide sequence 









Light Intensity 





Nucleotide added 


AA Pyrogram. 


Source + wnw.journaloforalmicrobiology.net/ index, 
php jom| article/ view ile] 10743} 19325 / 50704 


Approximately 5,000 samples for 168 rRNA gene 
sequencing by 454 FLX were collected, sequenced and 
tracked in combination with clinical and sample 
metadata, and the resulting data were finally deposited 
in public database. For analyzing the microbial data, 
specialized software tools like 'Mothur’ and 'QUIME! 
have been used. Sample studied from the above 
technique has given a comprehensive view about the 
specific assemblage of microbiome community 
structure at different body sites. In addition, 
comparison of these sequences with the already 
available public database also helped in identifying new 
bacterial species at those sites. 


Thereafter samples from different body sites are 
exposed to Metagenomic Shotgun sequencing for 
detailed analysis. This process helped to identify the 
genes of the microbes and their associated functions. 


b. Metagenomic Shotgun Sequencing 


Metagenomics is an amalgamation of genomics, 
bioinformatics and system biology. It involves the study 
of the genomes of many organisms simultancously 
which helps in understanding the complicated 
microbial interactions. This approach offers a more 
global view of the community, allowing us to better 
assess levels of phylogenetic diversity and intraspecies 
polymorphism, study the full gene complement and 
metabolic pathways in the community, and in some 
cases, reconstruct near-complete genome sequences. 


if 
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Whole Genome Sequencing also has the potential to 
discover new genes’. 


In HMP, ‘Illumina shotgun metagenomic reads! 
technology has been used to sequence and catalogue 
the microbial DNA directly from the samples collected 
from different body sites, without culturing them in the 
laboratory. It has helped in the construction and 
assembling of reference genomes. The taxonomic 
profiling of the data so obtained was done using 
computational tools like ‘MetaPhlAn’ whereas 
‘HUMAnN’ was used to study the metabolism of the 
microbes, ‘PATRIC’ database was used to identify the 
potential pathogens’. 


In order to carry out metagenomic analysis of the 
microbes, the samples that are collected from different 
body sites of the volunteers are quality filtered to 
isolate the microbes from human cells. Sample 
contamination of human cells ranged from less than 
1% in stool to around 99% in vaginal and nasal samples. 
Moreover a single human cell contains roughly 6 billion 
base-pairs (bp) of DNA as compared to just 4-6 million 
bp found in a typical bacterial cell. As a result the 
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A model of Metagenomic Shoteun sequencing. 


Source : Nature Publishing Group, VTHGSC, Initial sequencing 
and analysts uf the human genome, Nature, 409, 860-921 





removal of contaminant proved to be a herculean task. 
Removal of contaminant has reduced the original 
sample size of 8.8 Tera bp to3.5 Tera bp’. 


Samples with 50-100 ng of microbial DNA were used 
for analysis. The DNA so isolated is broken up 
randomly into numerous small segments of 
approximately 194 nucleotides. These segments ate 
then sequenced directly to determine the order of 
nucleotides, Specialized sequence assembly software in 
addition to inexpensive, high-throughput DNA 
sequencers are used to reconstruct these numerous 
fragments of the entire community of microbes into 
the original sequence. 


In addition to the above technique, the segments have 
also been cloned and incorporated in laboratory 
bacteria to form a library that can be used later to 
analyze the DNA sequence or to study the metabolic 
activity of the gene segments by decoding the proteins 
so produced by them. 


5, Findings of HMP 


HMP has helped researchers to get an overall picture of 
a normal human microbiome. Till date the HMP has 
released over 100 million 16S rRNA gene reads’, 
Researchers have found that there are more than 10,000 
microbes found on a healthy human body of which the 
identity of 81-99% of the microbes has been 
deciphered. These microbes contribute nearly 8 million 
protein genes in the microbiome”. Interestingly the 
microbial diversity is greatest in the gut followed by 
mouth, throat and gums while it is least on the skin and 
in the vagina. In addition evidence of ‘core’ 
microbiome have been found for different sites like 
mouth, gut, nose, skin and vagina’. Use of advanced 
computational tools has helped to catalogue around 
100 opportunistic pathogens found in the 
microbiome’. Studies prove that the microbial 
community composition is different in different 
people. But this diversity changes with the state of 
health or in response to the application of antibiotics 
which return to a state of equilibrium during the course 
of time. Again, irrespective of the microbial diversity at 
different sites in different individuals, the core 
metabolic functions at those sites remain the same”, 


One of the major goals of launching the HMP was to 
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5.1 Clinical Applications of HMP 








Human Microbiome. 


find association between the microbiome and 
predisposition to disease. Based on the findings so far, 
some interesting facts emerged which has clinical 
applications : - 


a) Vaginal mictobiome composition changes with the 
onset of pregnancy turning itself into a healthy passage 
which helps to introduce the baby to the first dose of 
microbes during childbirth. This finding proved that 
babies born through caesarean section are exposed to 
different sets of microbes than babies born of normal 
delivery. This may have implications in the development 
of their immunity in future’. 


b) The nasal microbiome of the children below 3 years 
of age who were suffering from unexplained fever was 
examined. It was found that they contain fivefold more 
viral DNA than normal children. So application of 
antibiotics to treat them may not bea good option’. 

¢) Microbial imbalance plays a major role in the 
development of inflammatory bowel disease like 
Crohn's disease. Again the genetic makeups of 
individuals have a positive influence on the 
composition of the microbes inhabiting the gut. 
Studies show that Paneth cells present in small intestine 
may play a vital role in restoring the gut microbiota 
equilibrium”. 
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According to Francis $, Collins, Director of National 
Institutes of Health, ‘HMP created a remarkable 
reference database by using genome sequencing 
techniques to detect microbes in healthy volunteers. 
This lays the foundation for accelerating infectious 
disease research previously impossible without this 
community resource’, 


Encouraged by the results, researchers are planning to 
decipher the complex microbes including archae, 
eukaryotes and viruses that form an integral part of 
microbiome’. This will be done by conducting studies 
on more number of volunteers from different ethnic 
groups worldwide, These studies would give a 
comprchensive view of the microbiome which can be 
utilized for making our lives better. 
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